Introduction
Osmolality may play an important role in regulating neuron excitability in the nervous system (Schwartzkroin et al., 1998) . It has been reported that hippocampal excitability can be modulated by the complex actions exerted by the changes in extracellular osmolality (Baraban and Schwartzkroin, 1998) . Recently, in nociceptors throughout the body there is evidence that both hypo-and hypertonic stimuli can induce nociceptor hyperexcitability, increase its activity or sensitize nociceptors, indicating that changes in osmolality could be involved in the nociception by modulating neurons excitability in the peripheral nervous system (Alessandri-Haber et al., 2003 , 2004 , 2005 . Voltage-gated sodium channels (VGSCs), which underlie the depolarization of action potential (AP) and determine the threshold and amplitude of AP, are important ion channels regulating the biophysical properties of nociceptive neurons (Amir et al., 2006; Waxman et al., 1999) . Studies have demonstrated that VGSCs participate in nociceptive signal transduction in primary sensory neurons (Chahine et al., 2005; Wood et al., 2004) . In vivo, hyperosmolar solutions selectively block APs in rat sensory myelinated fibers (Matsuka and Spigelman, 2004) , implying that VGSCs may be involved in anisotonicity-induced nociception. However, whether VGSCs can be modulated by anisotonicity in sensory neurons is still unknown.
Transient receptor potential vanilloid 4 (TRPV4) receptor is an important osmotic cellular sensor (Liedtke and Kim, 2005; Ramsey et al., 2006) and expressed in brain as well as in dorsal root ganglion (DRG) and trigeminal ganglion (TG) (AlessandriHaber et al., 2003; Suzuki et al., 2003) . Besides hypotonic stimulus, TRPV4 can also be activated by heat, phorbol ester compounds (4a-PDD), and the metabolite of arachidonic acid (Liedtke and Kim, 2005; Voets et al., 2002; Vriens et al., 2004) . Both in vivo and in vitro studies have shown that activation of TRPV4 participates in nociceptive behavior evoked by anisotonic stimuli. For example, TRPV4 has been reported to be necessary for nociceptive behavior elicited by subcutaneous injection of mild hypertonic and hypotonic saline solutions (Alessandri-Haber et al., 2005 , 2004 , 2003 . Voltage-gated sodium channels (VGSCs) are important channels which participate in many physiological functions. Whether VGSCs can be modulated by changes in osmolality in trigeminal ganglion (TG) neurons remains unknown. In this study, by using whole-cell patch clamp techniques, we tested the effects of hypo-and hypertonicity on VGSCs in cultured TG neurons. Our data show that tetrodotoxinresistant sodium current (TTX-R current) was inhibited in the presence of hypo-and hypertonic solutions. In hypertonic solutions both voltage-dependent activation and inactivation curves shifted to the hyperpolarizing direction, while in hypotonic solutions only inactivation curve shifted to the hyperpolarizing direction. Transient Receptor Potential Vanilloid 4 (TRPV4) receptor activator mimicked the inhibition of TTX-R current by hypotonicity and the inhibition by hypotonicity was markedly attenuated by TRPV4 receptor blocker and in TRPV4 À/À mice TG neurons. We also demonstrate that the inhibition of PKA selectively attenuated hypotonicity-induced inhibition, whereas antagonism of PLC and PI3K selectively attenuated hypertonicity-induced inhibition. We conclude that although hypo-and hypertonicity have similar effect on VGSCs, receptor and intracellular signaling pathways are different for hypo-versus hypertonicity-induced inhibition of TTX-R current. ß 2009 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
